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METHOD OF INACTIVATION OF VIRAL AND 
BACTERIAL BLOOD CONTAMINANTS 

FIELD of TFF, TF'FH-TT 

This invention relates to the general field of 
5 biochemistry and medical sciences, and specifically 
to inactivating viral/bacterial contamination of 
lyophilized or reconstituted blood cell compositions 
comprising erythrocytes, platelets, etc, or protein 
fractions. 

10 BACKGROUND OF THF J NVENTTON 

A major concern in the use of stored or donated 
homologous blood or plasma protein preparations 
derived from human blood is the possibility of viral 
and bacterial contamination. 



15 



20 



Viral inactivation by stringent sterilization is not 
acceptable since this could also destroy the 
functional components of the blood, particularly the 
erythrocytes (red blood cells) and the labile plasma 
proteins. Viable RBC's can be characterized by one 
or more of the following: capability of synthesizing 
ATP; cell morphology; P SQ values; oxyhemoglobin, 
methemoglobin and hemichrome values; MCV, MCH, and 
MCHC values; cell enzyme activity; and 1q vivo 
survival. Thus, if lyophilized then reconstituted 
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SUMMARY OF THE INVENTTQfl 

The present invention provides a method for 
viral/bacterial inactivation of dried or 
reconstituted cells (erythrocytes, platelets, 
hemosomes and other cellular or cell-like components) 
or blood protein fractions, which allows for the 
cells or protein fractions to be useful in a 
transfusable state, while still maintaining 
relatively high cell viability, ATP synthesis and 
oxygen transport, in the case of cellular components, 
and therapeutic efficacy, in the case of protein' 
fractions. 



The lyophilization and reconstitution media according 
to the present invention may be utilized to 

1.5 lyophilize and reconstitute proteins, particularly, 
blood plasma protein fractions. The protein fraction 
may be viral ly/bacterially deactivated by mixing with 
a chemical sensitizer, lyophilized ( f reeze-dried ) , 
then irradiated. If the lyophilization media of the 

20 invention is used, it is contemplated that the 

. constituents of the media also serve to provide some 
degree of protection of the dry proteins during 
irradiation. 



A preferred embodiment comprises reducing viral and 
25 bacterial contamination of dried or reconstituted 

cells with washing solutions containing a polymer or 
mixture of polymers having a molecular weight in the 
range of about IK to 360 K, followed by one or more 
additional wash cycles using a wash of a dextrose- 
30 saline solution at a pH in the range of about 

7.0-7.4. The dextrose-saline solution will also 
contain a polymer having a molecular weight in the 
range of about IK t 40K, and preferably about 2.5K. 
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drying (the amount of residual moisture) is of 
critical importance in the ability of cells to 
withstand long-term storage at room temperature. 
Using the procedure described herein, cells may be 
5 lyophilized to a residual water content of less than 
10 weight %, preferably less than 3*, and still be 
reconstituted to transf usable , therapeutically useful 
cells'. Cells with about 3 weight % water content 
using this procedure may be stored for up to two 

10 weeks at' room temperature, and at 4°C for longer than 
eight months, without decomposition. This far 
exceeds the current A.A.B.B. standard for 
refrigerated storage of red blood cells of six weeks 
at 4°C or less than one day at room temperature 

15 without decomposition. These dried cells may be 
deactivated using a chemical sensitizer described 
herein. 

According to the preferred embodiment of the present 
invention the washed packed red blood cells are mixed 

20 with a chemical sensitizer, then washed to remove 
excess sensitizer not bound to viral or bacterial 
nucleic acid, and the treated cells are then 
lyophilized. The dry cell and sensitizer mixture 
will then be irradiated, typically with gamma 

25 radiation, at an intensity of about 3K-50K rads , for 
a period of time sufficient to destroy viruses (in 
particular, the single-stranded or double-stranded 
RNA/DNA viruses) , without any substantial adverse 
effect on the recovery and usefulness of the cells. 

30 Other wavelengths of electromagnetic radiation such 
as X-rays, may be used. 

In another preferred embodiment, the chemical 
sensitizers may be added to liquid protein 
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contanination. It is contemplated that liquid and 
frozen protein fractions may also be decontaminated 
according to the present invention. 

Depending upon the nature of the presumed radiolytic 
5 mechanism, of the sensitizer reaction with the virus, 
other types of radiation may be used, such as X-ray, 
provided the intensity and power utilized is 
sufficient to inactivate the viral contamination 
without adverse effect on the cells. Mature human 

10 red blood cells and platelets lack nucleic acids; 
therefore the nucleic acid binding sensitizers 
selectively target contaminating viruses and 
bacteria. Although described in connection with 
viruses, it will be understood that the methods of 

15 the present invention are generally also useful to 
any biological contaminant found in. stored blood or 
blood products, including bacteria and blood- 
transmitted parasites. 

DETAILED DESCRIPTION OF THE INVENTION 
20 The cells are preferably prepared by immersing a 
plurality of erythrocytes, platelets and/or 
henosomes, etc. in a physiologic buffered aqueous 
solution containing a carbohydrate, and one or more 
biologically compatible polymers, preferably having 
25 amphipathic properties. By the term amphipathic it: 
is meant there are hydrophobic and hydrophilic 
portions on a single molecule. This immersion is 
followed by freezing the solution, and drying the 
frozen solution to yield novel freeze-dried 
30 erythrocytes containing less than 10%, and preferably 
about 3* or less by weight of moisture, which, when 
reconstituted, produce a significant percentage of 
viable, transfusably useful red blood cells, 
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The invention will be hereafter described in 
connection with erythrocytes (RBC's) but it will be 
understood it is also applicable to platelets, 
hemosomes or other blood cell types or biological 
5 cells, as well as protein fractions, particularly 
plasma protein fractions. 

The erythrocytes will preferably be prepared from 
whole blood, centr if ugatiqn, removal of the plasma 
supernatant and resuspending the cells in PBS or a 

10 phosphate buffered solution or a commercial dextrose- 
saline solution. This wash cycle may be repeated 2-3 
times preferably using a commercial dextrose-saline 
solution, then the packed cells are- diluted with the 
lyophilization buffer described . above so that the 

15 final diluted concentration of carbohydrate and 
polymer are maintained in the necessary ranges. 

Alternatively, commercially available packed blood 
cells may be used, which typically are prepared in 
CPOA (commercial solution containing citrate, 
20 phosphate, dextrose and adenine) . 

Upon lyophilization to a moisture content of less 
than 10%, and preferably less than 3%, the 
lyophilized cells may be maintained under vacuum in 
vacuum-tight containers, or under nitrogen or other 

25 inert gas, at room temperatures for extended periods 
of time in absence of or without significant 
degradation of their desirable properties when 
reconstituted for use as transfusable cells. In 
using the preferred lyophilization method disclosed 

30 herein, a particular advantage of the present 

invention is that the lyophilized cells may be stored 
at room temperature for extended periods of time , 
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adenosine triphosphate (ATP) in a final concentration 
of about 5mM. 



The polymers may be present in the various solutions 
from a final concentration of about 3. 6K weight % up 
5 to saturation, and have a molecular weight in the 
range of from about 2 . 5K toabout 360K. Preferably, 
the polymers have molecular weights in the range of 
from about 2 . 5K to about 500K, most preferably from 
about 2 . 5K to 50K, and are present in a concentration 

10 of from about 3.6 weight \ up to the limit of 

solubility of the polymer in the solution. Polymers 
selected from the group consisting of 
polyvinylpyrrolidone (PVP) and polyvinylpyrrolidone 
derivatives, and dextran and dextran derivatives 

15 provide significant advantages. Most preferred is 
the use of polyvinylpyrrolidone (an amphipathic 
polymer) of average molecular weight in the range of 
2.5-360K in an amount in the range of 3-20* weight by 
volume in the solution prior to lyophilization . 

20 Amino acid based polymers (i.£. , proteins), dextrans 
or hydroxyethyl starch may also be employed. In the 
lyophilization buffer hydroxyethyl starch (M-HES) 
with an average molecular weight of about 500K is 
employed in a 15% weight by volume final 

2 5 concentration. Other amphipathic polymers may be 
used, such as poloxamers in any of their various 
forms. The use of the carbohydrate-polymer solution 
in the lyophilization of red blood cells allows for 
the recovery of intact cells, a significant 

30 percentage of which contain biologically-active 
hemoglobin. 



The most preferred reconstitution buffer will be a 
solution comprising monopotassium phosphate, disodium 
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acid, inosine, adenine, glutamine, and magnesium 
chloride, all present at" about 0.4-10mM further 
comprising sodium chloride and potassium chloride 
each at about 3QmM, buffered by lOmM disodium 
5 phosphate to pH 7.2. This wash buffer further 

comprises a monosaccharide/ preferably glucose at a 
concentration of about - 20mM, and a polymer, 
preferably polyvinylpyrrolidone , of a molecular 
weight 40K and present at a concentration of about 
10 16% weight by volume!* Separation by centrif uga t ion 
completes the first post-rehydrat ion step, a washing 
step. 

After the washing step the rehydrated cells may be 
suspended in a dextrose-saline transfusion buffer at 

15 room temperature which preferably contains 

polyvinylpyrrolidone at a 10% weight by volume final 
concentration, with an average 2 . 5K molecular weight. 
The cells can be used' as is or be returned to 
autologous plasma. Additional wash steps in a 

20 phosphate-buffered diluent buffer can further remove 
viruses, but this step is optional for preparation of 
rehydrated, transfusible cells. 

The reconstitution and washings described above will 
in most instances achieve about 4 log reduction of 
2 5 any viral and bacterial contamination, where 1 log 
reduction is achieved by drying; and 3 log reduction 
is achieved by washing. Of course, different viruses 
may respond differently, potentially resulting in 
more than 4 log reduction of contamination. 

30 The reconstituted cells have characteristics which 
render them transfusable and useful for therapeutic 
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sensitizing and treatment, particularly while the 
cells or protein fractions are in the dry state. 

The starting packed red blood cells or proteins 
(which may initially be in a liquid or lyophilized 
5 state) are mixed with a sufficient amount (based on 
total wet weight of cells) of a chemical sensitizer. 
Preferably, in a composition of packed red blood 
cells (about 10% hematocrit) about 0.1 to-'l mg of the 
chemical sensitizer will be used per ml of packed 

10 cells. Preferably, the mixture will be irradiated 
with gamma radiation in the range of 3K-50K rads , 
typically about 3K rads. Preferred exposure is from 
1-10 minutes, if using gamma radiation. 
Alternatively, UV light (320. nm) may be used, 

15 particularly for protein fractions. Preferred 

exposure is from 1-10 minutes, preferably 3 minutes, 
if using UV radiation. By this irradiation in 
presence of a sensitizer, there will be about a 6 log 
reduction of viral and bacterial contamination, based 

20 on contamination present prior to washing and 
irradiation. 

The present invention provides a selective method of 
generating free radicals derived from chemical 
sensitizers only in the vicinity of viral RNA or DNA. 

25 Indiscriminate radiolysis of blood containing virus 
in a hydrated state produces hydroxy 1 radical. 
However, the hydroxyl radical will damage both the 
red blood cells and associated proteins as veil as 
the viral target. Thus, viral inactivation would be 

30 achieved at the sacrifice of red cell viability. 

Therefore, sensitizers which bind to DNA and/or RNA 
and which can be selected to generate radicals upon 
irradiation, are • required . Since the radiolysis can 
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cisclcsed in P^ura. ?.£., Cr zesKcv. 3* . Y . i~t 
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ar.d Ter.g:. Vs.-an, N., Frederic*. C.A . ar.i War.: . 

A.H.J. ; ; 9 5 3 } , Nucleic Ac ?.es . Ii , 2 £ : 1 - 2 < s : . 

5 The radiation sensitizing compound (which may alsc 
bear a metal atom) can also comprise a class cf 
binding proteins and/or polypeptides and/or peptides. 
Exa-ples of this class of DNA-binding proteins ar.d.'cr 
polypeptides and/or peptides are disclosed in 
10 Churchill, M.E.A. and Travers, A. A. (1991) Trends :r. 
Biochemical Sciences X&t 92-97. Specific examples cf 
DNA-binding peptides include the SE peptide, and BD 
peptide disclosed in the reference herein. 

The DNA-binding specificity can be achieved by 
15 covalently coupling the radiation sensitizing 

compound and/or metal atom to either a DNA-binding 
drug or to a DNA-binding protein or polypeptide or 
peptide. 
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removed during the washing steps involved in the 
reconstitution of the lyophilized cells (Table 2). 
This process will also further remove any virus not 
inactivated by the treatment described above. 

5 Compounds (1) and (2) bind tightly to DNA and RNA by 
either intercalation and/or by electrostatic 
interactions between positively charged ammonium ion 
groups and the negatively charged phosphate groups of 
the nucleic acid target. Red blood cells do not 
10 contain nucleic acids and accordingly will not bind 
to such compounds by intercalation. 

The best mode for using the invention .* is to add the 
sensitizer to potentially contaminated blood 
solutions, and to expose to gamma radiation or x- 

15 rays. Fluid solutions of blood are preferably 

exposed to 3000 rads, and dried lyophilized solid 
formulations are preferably exposed to 10,000 rads of 
radiation. It is known that the red cells will 
survive these doses of radiation in the absence of a 

20 sensitizer. Lyophilized blood can withstand higher 
dosage levels of radiation than hydrated blood. 

The gamma radiation or x-ray will be absorbed 
primarily by the heavy atom of the sensitizer, which 
will be bound to viral DNA or RNA. The radiation 
25 will ionize the sensitizer as follows: 

R-I + y-Ray - R-I*" + e~ 
. (X-Ray) 

In some instances, particularly if the sensitizer and 
red blood cells are allowed to stand together for 
30 more" than several minutes, sensitizers may diffuse 
into the red blood cells prior to lyophilization . 
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means to remove unreacted material or 'reaction 
by-products, and further removes any virus not 
affected by the treatment (Table 2) . 

Other types of radiation may be used including 
5 ionizing radiation in general, such as X-ray- 
radiation. In one embodiment a metal atom may be a 
substituent on a chemical radiation sensitizer 
molecule which binds to nucleic acids, thereby 
targeting the embodiments such "as bacteria, parasites 

10 and viruses. Metal atom substituents of chemical 
sensitizers for this purpose include Br, I, Zn, CI, 
Ca and F . The X-ray source is preferably a tunable 
source, so that the radiation may be confined to a 
narrow wavelength and energy band, if so desired. 

15 The tunable feature allows for optimization of energy 
absorption by the metal atoms, thereby directing the 
absorbed penetrating radiation energy to the 
production of radicals by a chemical sensitizer bound 
to nucleic acid. 

20 The present invention is applicable to contaminants 
which comprise single or double-stranded nucleic acid 
chains, including RNA and DNA, and viruses, bacteria 
or other parasites comprising RNA and/or DNA. 

To illustrate the invention, red blood cells were 
25 lyophilized as described above, irradiated, and 

tested for erythrocyte characteristics measured . The 
results are shown in Table 1. The same procedure was 
then used, except that the bacteriophage T4 (in 
dextrose saline) was mixed with the cells and then 
30 washed successively with four different wash buffers. 
The results are shown in Table 2. 



91/16060 



2056619 



PCT/US91/02504 



-23- uxawjx 

Table 2: Reduction in viral titre as a function of 
washing of the red cells. The procedure used in 
reconstituting the lyophilized cells involves several 
washing steps which also reduce the viral titre. The 
5 extent of reduction" with each wash decreases until a 
practical limit is attained. This represents an 
approximate 4 log reduction in viral titre. 

Washing Proto col Reduction of viral Load in Blood 



Total Amount 





Buffer Wash SteD 


of 


virus 




Loo Redu 


10 


Experiment 1 
( non-lyophi 1 ized 
cells) 












Reconst i tut ion 


7 


.3 Ox 


10 7 


0 




Wash 


4 


.80.X 


10 4 


3;2 


15 


Diluent 


2 


.08 X 


10 4 


■ .3.5 




Transf us ion 


3 


.50 X 


10 4 


3.3 




Experiment 2 " 
(lyophilized 
cells) 










20 


Lyophilization 


3 


.66 X 


108 


0 




Reconst i tut ion 


2 


.11 X 


107 


1-2' 




Wash ■ 


2 


.36 X 


104 


4.2 




Diluent 


2 


.00 x 


104 


4.3 




Transfusion 


4 


.06 X 


104 


4.0 



25 In Experiment 1, the effects .of lyophilization on 
viral reduction, are not included. In Experiment 2, 
these effects are included. The marker virus used in 
these cases was bacteriophage T4 . The extent of 
reduction was determined using the plaque assay. 



30 



**This shows an additional about 1 log reduction of 
contamination due to the drying step. 
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An exposure of 3 minutes was judged to be usable for 
viral inact ivation using a radiation sensitizer, 
without inflicting excessive damage to red blood 
cells. 



5 EXPOSURE 
(Minutes) 


CXYH9. 


METHP 


HEMI 


0 


96.6 


3, 


, 4 


0 


2 


90.2 


7 . 


. 5 


2 . 3 


4 


84 . 5 


13 . 


.4 


2 . 1 


10 6 


76.7 


22 


. 5 


0.9 


8 


72 . 6 


27 


.4 


0 


10 


66 . 4 


33 


. 6 


0 



EXAMPLE I 

A suspension (0.1 ml) of bacteriophage lambda or 

15 bacteriophage phi-X174, of at least 10EV PFU/ml , is 
separately added to 4 ml of dextrose-saline 
containing 1 mg/ml of compounds I or II or III. Each 
suspension of bacteriophage with a radiation 
sensitizing compound is then exposed to U.v. 

20 radiation of the preferred wavelength (320 nm) in a 
quartz chamber for the preferred time (3 minutes) . A 
control sample of each bacteriophage suspension, 
containing a sensitizer, is not exposed to U.V. 
light. Serial dilutions are performed to quantitate 

25 the level of infectious titer, and aliquots of the 
various bacteriophage samples are then mixed with 
host bacteria and spread on nutrient agar. Following 
a normal growth period, the plates are assayed for 
plaques. Other bacteriophage suspensions are 

30 separately irradiated as above, but without added 

sensitizer, to demonstrate the effect of this dose of 
U.V. alone. 
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WHAT IS CL AIMED IS : 

1. A process of reducing viral and/or bacterial 

contamination in a dried or reconstituted composition 
comprising red blood cells, platelets, and/or 
5 proteins comprising: 

mixing said composition with a sufficient 
volume of a phosphate-buffered reconst itution 
solution to form a mixture, wherein said 
reconstitution solution has a pH in the range of 

10 about 7.0-7.4 at a temperature in the range of about 
15-50°C, said reconstitution solution further 
comprising a final concentration of about 0.7% by 
weight up to the saturation concentration of a 
polymer or mixture of polymers having a molecular 

15 weight in the range of about IK to 360K, 

separating said red blood cells, platelets 
and/or proteins from said mixture by centrif uga t ion 
and washing by at least one wash cycle by 
resuspending said red blood cells, platelets and/or 

20 proteins in a dextrose-polymer wash buffer solution 
at a pH in the range of about 7.0-7.4 and separating 
by centrif ugation to produce substantially 
decontaminated red blood cells, platelets and/or 
proteins . 

25 2. A process according to Claim 1 further 

comprising the step of f reeze-dry ing said 
decontaminated red blood cells, platelets and/or 
proteins. 

3. A process according to Claim 1 or 2 wherein 

30 said polymers are amphipathic. 
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the group consisting of compounds which bind to DNA 
and/or RNA and are capable of selectively generating 
free radicals upon exposure to radiation, and 
exposing said composition to radiation of sufficient 
5 wavelength and intensity for a period of time 

sufficient to cause said sensitizer to further reduce 
viral and bacterial contamination . in said 
composition. 

13. A process according to Claim 12 wherein said 
10 composition comprises red blood cells. 

14. A process according to Claim 12 wherein said 
composition comprises platelets. 

15. A process according to Claim 12 wherein said 
composition comprises blood plasma proteins. 

15 16. A process according to -.Claim 12 wherein said 
radiation comprises gamma radiation. 

17. A process according to Claim 12 wherein said 
contamination comprises single- and/or double- 
stranded-type viruses. 

20 18. A process for reducing viral and/or bacterial 
contaminations in a protein composition comprising 
the steps of contacting said composition with at 
least one chemical sensitizer selected from the group 
consisting of compounds which bind to DNA and/or RNA 

25 and are capable of selectively generating free 

radicals upon exposure to radiation,, and exposing 
said composition to radiation of sufficient 
wavelength and intensity for a period of time 
sufficient to cause said sensitizer to further reduce 
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29. A substantially virally and bacterially 
decontaminated lyophilized composition comprising rei 
blood cells, platelets and/or proteins, said 
decontamination resulting from exposure to 

5 electromagnetic radiation of sufficient wavelength 
and intensity to inactivate viral and bacterial 
contamination in said composition. 

30. A substantially virally and bacterially 
decontaminated lyophilized composition comprising red 

10 blood cells, platelets and/or proteins and containing 
inactive viral and/or bacterial contaminants which 
. have been deactivated by binding of the viral and/or 
bacterial DNA or RNA to at least one chemical 
sensitizer capable of selectively generating free 

15 radicals upon exposure to electromagnetic radiation, 
and by exposing said bound sensitizer to 
electromagnetic radiation of sufficient wavelength 
and intensity and for a period of time sufficient to 
cause said sensitizer to deactivate said RNA and/or 

2 0 DNA. 

31. A composition according to Claim .29 or 30 
comprising platelets. 

32. A composition according to Claim 29 or 30 
comprising red blood cells. 

25 33. A composition according to Claim 29 or 3 0 
comprising blood proteins. 

34. A composition according to Claim 33 
comprising a clotting factor. 



wo 91/16060 2C56619 per/ us9 1/02504 

-33- \: • 

compounds of the formulas: 




exposing said cellular matter to radiation of 
sufficient wavelength and intensity for a period of 
time sufficient. to cause said sensitizer to 
5 substantially reduce viral and bacterial 

contamination in said blood cellular matter. 

44. A method according to Claim 43 wherein said 
cellular matter comprises erythrocytes. 

45. A method according to Claim 4 3 wherein said 
10 cellular matter comprises platelets. 

46. A method according to Claim 4 3 wherein said 
radiation comprises ultraviolet radiation. 

47. a method according to Claim 43 wherein said 
contamination comprises single- and/or double- 

15 stranded-type viruses. 
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53. A process according to Claim 1 or 2 where ir. 
said radiation sensitizing compound comprises a neral 
atom. 

54. A process according to Claim 53 wherein said 
5 metal atom comprises Br.. 

55. A process according to Claim 53 wherein said 
metal atom comprises I. 

56. A process according to Claim 53 wherein said 
metal atom comprises Zn. 

10 57. A process according to Claim 53 wherein said 
metal atom comprises CI. 

58. A process according to Claim 53 wherein said 
metal atom comprises Ca , 

59. A process according to Claim 53 wherein said 
15 metal atom comprises F. 

60. A method according to Claim 51 wherein said 
compound is sensitized by penetrating, ionizing 
radiation. 

61. A method according to Claim 51 wherein said 
20 compound is sensitized by gamma radiation or X-rays. 

62. A method according to Claim 52 wherein said 
radiation-sensitizing compound binds RNA. 



63. A method according to Claim 52 wherein said 
radiation-sensitizing compound binds DNA. 
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monoclonal antibody or polyclonal antibodies dire:;e: 
against viral, bacterial and/or parasitic antigens. 

72. A method according to Claim 71 wherein said 
rad iat icn-s£ns itiz ing compound comprises a metal 

5 atom. 

73. A method according to Claims 71 or 72 wherein 
said radiation sensitizing compound is activated by 
penetrating, ionizing radiation. ; 

74. A method according to Claim 73 wherein said 
10 radiation comprises gamma radiation or X-rays. 

75. A method according to Claim 7 1 wherein said 
antigens comprise viral surface epitopes or viral 
envelope proteins. 

76. A method according to Claim 7 1 wherein said 
15 antigens comprise bacterial surface epitopes. 

77. A method according to Claim 71 wherein said 
antigens comprise surface epitopes of blood- 
transmitted parasites. 

78. A method according to Claim 12 or 18 wherein 
20 said sensitizer comprises DNA-binding drugs. 

79. A method according to Claim 78 wherein said 
DNA-binding drug comprises a compound of the formula 




SUBSTITUTE SHEET 
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86. A method according to Claim 84 wherein said 
DNA-binding protein, polypeptide, or peptide contains 
a metal atom substituent. 

87. A method according to Claim 84 wherein said 
5 DNA-binding protein, polypeptide, and/or peptide is 

activated by ionizing penetrating radiation. 

88. A method according to Claim 87 wherein said 
ionizing radiation comprises gamma radiation or X- 
rays . 

10 89. A composition comprising cellular blood 

matter or blood proteins in which viral, bacterial, 
or parasitic contaminants have been substantially 
inactivated according to the method of Claim 78 . 

90. A composition comprising cellular blood 
15 matter or blood proteins in which viral, bacterial, 
or parasitic contaminants have been substantially 
inactivated according to the method of Claim 84 . 



